When the family Alicyclobacillaceae was established (da Costa & Rainey, 2009) , it included only the genus Alicyclobacillus. Most members of the genus Alicyclobacillus are spore-forming, acidophilic and thermophilic bacteria possessing cyclic fatty acids in their cellular fatty acid profiles (Wisotzkey et al., 1992) , but v-alicyclic fatty acids were not detected in several species described recently (Glaeser et al., 2013) . Since establishment of the family, the genera Tumebacillus (Steven et al., 2008) and Kyrpidia (Klenk et al., 2011) have been added to this taxonomic group. The species of the genus Tumebacillus are also spore-forming, but strictly aerobic and mesophilic bacteria. Kyrpidia tusciae is the sole species of the genus Kyrpidia and corresponds to the organism known as 'Bacillus tusciae', a chemolithoautotroph lacking the ability to metabolize sugar (Bonjour & Aragno, 1984) . In addition to these genera, two species of the genus Alicyclobacillus phylogenetically distinct from previously known species have been proposed (Glaeser et al., 2013; Imperio et al., 2008) . These two species form a distinct phylogenetic cluster located between the genera Alicyclobacillus and Tumebacillus (Glaeser et al., 2013) . In this study, a novel strain, skLN1 T , was isolated from freshwater lake sediment. The isolated strain is proposed to be a representative of a new genus in the family Alicyclobacillaceae.
Strain skLN1
T was isolated from a sulfur-oxidizing enrichment culture established from sediment of Lake Mizugaki, Japan (Kojima et al., 2009) . The sediment was inoculated into a bicarbonate-buffered low-salt defined medium, which comprised (l 21 ): 0.2 g MgCl 2 . 6H 2 O, 0.1 g CaCl 2 . 2H 2 O, 0.1 g NH 4 Cl, 0.1 g KH 2 PO 4 , 0.1 g KCl, 1 ml trace element solution, 1 ml selenite-tungstate solution, 1 ml vitamin mixture solution, 1 ml vitamin B 12 solution, 1 ml thiamine solution, 30 ml NaHCO 3 solution and 1.5 ml Na 2 S 2 O 3 solution. All stock solutions were prepared as described by Widdel & Bak (1992) . The medium was prepared as described previously (Kojima & Fukui, 2010) . Anoxic stock solutions of NaNO 3 and Na 2 S 2 O 3 were added to the bottle to obtain a final concentration of 20 mM each, just before inoculation. The headspace of the bottles was filled with N 2 /CO 2 (80 : 20, v/v) and incubation was carried out in the dark at 42-45 u C. After 11 weeks of incubation, 1 % volume of the culture was transferred to medium of same composition, to obtain subsequent enrichment cultures.
After transfer three times, the electron donor was changed to elemental sulfur and then nine more transfers were performed to maintain the sulfur-oxidizing enrichment culture. A small portion of the established sulfur-oxidizing culture was inoculated into medium supplemented with 20 mM sodium lactate, and then the resulting culture was subjected to agar shake dilution (Widdel & Bak 1992) using sodium lactate as the substrate. A colony was picked up from a deep agar tube and used to inoculate the same medium, and the resulting culture was subjected to agar shake dilution again. The resulting pure culture was designated strain skLN1 T . Culture purity was ascertained by microscopy and checked routinely by denaturing gradient gel electrophoresis of 16S rRNA gene (Muyzer et al., 1996) for cultures grown after experiments for physiological characterization.
Cell morphology was observed by using a phase-contrast microscope (Axioplan 2; Zeiss). Gram-staining was performed by using a Gram staining kit (Fluka). Additionally, a KOH lysis test was performed to investigate the cell-wall structure of the isolate, using cells collected by centrifugation and 3 % (v/v) KOH solution (Gregersen, 1978) . Catalase activity was assessed by using 3 % H 2 O 2 solution. Oxidase activity was tested by smearing a pellet of cells on a differentiation disc (Fluka).
Each experiment to characterize the isolate was carried out in duplicate at 50 u C (except for the test of growth temperature) using the tryptone soy broth (TSB, Oxoid CM0129). Temperature range for growth was determined by incubation of cultures at 14 different temperatures ranging from 25 to 62 u C. For determination of the pH range for growth of skLN1 T , TSB medium was buffered with 20 mM MOPS or CAPSO, and the pH of the medium was adjusted with HCl or NaOH solution. Growth was tested at 11 different pH values (pH 6.0, 6.5, 6.75, 7.0, 7.25, 7.5, 8.0, 8.25, 8.5, 8.75 and 9.0) . NaCl concentration for growth was tested at nine different concentrations (0, 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.75 and 2.0 %, w/v) in TSB medium. The utilization of organic substrates was tested under oxic conditions in basal medium buffered with 20 mM MOPS/ NaOH (pH 7.25), which comprised (l 21 ): 1.0 g MgSO 4 . 7H 2 O, 0.1 g CaCl 2 . 2H 2 O, 0.1 g NH 4 Cl, 0.1 g KH 2 PO 4 , 0.1 g KCl, 1 ml trace element solution, 1 ml selenite-tungstate solution, 1 ml vitamin mixture solution, 1 ml vitamin B 12 solution, 1 ml thiamine solution. All stock solutions were prepared as described by Widdel & Bak (1992) . Each substrate was added to the defined medium at a final concentration of 10 mM. The substrates tested included carbohydrates (D-glucose, D-galactose, L-arabinose, sucrose, cellobiose, D-fructose, maltose, mannose, melibiose, D-sorbitol, trehalose, D-xylose and N-acetylglucosamine) and organic acids (acetate, lactate and fumarate). Casamino acids and yeast extract were also tested at a final concentration of 2 g l
21
.
Acid production from glucose was tested in non-buffered medium containing 0.48 mM phenol red. The utilization of sugars was tested in this manner since API50CH test strips (bioMérieux) gave unstable results. Theability for lithoautotrophic growth was assessed in the bicarbonate-buffered medium used for isolation, under oxic(air/CO 2 , 80 : 20, v/v) and anoxic (N 2 /CO 2 , 80 : 20, v/v; supplemented with 20 mM nitrate) conditions, with inorganic electron donors of thiosulfate (20 mM) and elemental sulfur (0.5 g l
). The utilization of nitrate as electron acceptor was tested using the same medium containing 10 mM nitrate and 15 mM lactate as electron donors. Nitrate reduction was evaluated by changes in anion concentrations determined by ion chromatography.
The analysis of cellular fatty acids, quinones and amino-acid composition of the cell wall were carried out by the identification services of Techno Suruga Laboratory Co., Shizuoka, Japan. The cellular fatty acids profile was determined with biomass cultivated on R2A agar medium (DAIGO) at 50 u C for 24 h, by using the Sherlock Microbial Identification System (MIDI) (Sherlock version 6.0; MIDI database TSBA6). The respiratory quinone and amino-acid composition of the cell wall were analysed by using bacterial biomass cultivated in R2A liquid medium under the same conditions. The DNA G+C content of strain skLN1 T was measured with the HPLC method described by KatayamaFujimura et al. (1984) .
16S rRNA gene fragments were amplified with primers 27f and 1492r (Lane, 1991) . Nucleotide sequences were determined with a BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems). The sequences obtained were aligned with reference sequences from public databases using the CLUSTAL X version 2.1 program (Larkin et al., 2007) . Phylogenetic trees were reconstructed by the neighbour-joining method and maximum-likelihood method with the program MEGA version 5.05 (Tamura et al., 2011) . Bootstrap analysis was performed for 1000 replicates.
Cells of strain skLN1
T were rod-shaped. The diameter of cells grown on 1/106 TSB medium ranged from 1.0 to 1.5 mm, and their length ranged from 5 to 100 mm. Spores were observed in old cultures grown on lactate under nitrate-reducing condition. The cells were Gram-stainvariable, and the KOH lysis test suggested that the cell-wall structure of the isolate was of the Gram-positive type. The phenotypic characteristics of strain skLN1
T are summarized in Table 1 .
Strain skLN1
T grew aerobically on D-glucose, D-galactose, cellobiose, D-fructose, D-xylose, trehalose, mannose, Nacetylglucosamine, yeast extract, Casamino acids, acetate, lactate and fumarate. It was confirmed that the isolate produces acid from glucose. The following substrates could not support growth of the strain: L-arabinose, sucrose, maltose, melibiose and D-sorbitol. Although the strain was isolated from a sulfur-oxidizing enrichment culture, autotrophic growth with thiosulfate or elemental sulfur was not observed under the conditions tested. In the presence of lactate and nitrate, the strain grew anaerobically and reduce nitrate to nitrite. Growth of the strain was observed in the media containing 1.0 % or lower concentrations of NaCl. The G+C content of the genomic DNA of strain skLN1 T was 50.8 mol%. The major cellular fatty acids (.10 % of the total) of strain skLN1
T were iso-C 14 : 0 (24.93 %), iso-C 15 : 0 (14.93 %) and iso-C 16 : 0 (36.31 %) ( Table 1 ). The total cellular fatty acid profile of the strain is shown in Table 2 . MK-7 was the major respiratory quinone (99.5 %), and traces of MK-8 (0.5 %) were also detected. The cellwall peptidoglycan contained meso-diaminopimelic acid, alanine and glutamic acid, indicating the presence of A1c-type polymer (Schleifer & Kandler, 1972) . The major quinone and the composition of the peptidoglycan were shared with other reported members of the family Alicyclobacillaceae.
Phylogenetic analysis based on 16S rRNA gene sequences indicated that the closest relatives of strain skLN1 T in the public databases (GenBank/EMBL/DDBJ) were bacterium BPC-C1/31-1 (99 % 16S rRNA gene sequence similarity; Poulain et al., 2008) , Alicyclobacillus consociatus (95 %; Glaeser et al., 2013) and Alicyclobacillus pohliae (93 %; Imperio et al., 2008) . The bacterium BPC-C1/31-1 is not available from culture collections at present, and thus was excluded from further phyletic and phenotypic comparisons. The novel isolate and these closest relatives formed a distinct cluster in the phylogenetic trees reconstructed with neighbour-joining and maximumlikelihood methods (Figs 1 and S1 , available in the online Supplementary Material). In these trees, the cluster of strain skLN1
T and its closest relatives occurred as the sister group of the genus Tumebacillus, separate from the other members of the genus Alicyclobacillus.
Although strain skLN1
T is closely related to A. consociatus and A. pohliae, the 16S rRNA gene-based phylogeny suggest that it is not adequate to place these organisms in the genus Alicyclobacillus (Figs 1 and S1 ). In addition to the loss of monophyly by the presence of the genera Tumebacillus and Kyrpidia, A. consociatus and A. pohliae have phenotypic features distinct from other members of the genus Alicyclobacillus, represented by preference for higher pH (Table 1 ). These results indicate that A. consociatus and A. pohliae should be reclassified as members of a new genus, which includes the novel strain skLN1 T . By contrast, strain skLN1 T showed high sequence divergence from these two relatives, enough to be regarded as a representative of a different species. Phenotypically, abundant occurrence of iso-C 14 : 0 and iso-C 16 : 0 is a unique feature of this isolate, making it distinct from the two related strains (Table 2) . Strain skLN1 T and A. pohliae are facultative anaerobes, but A. consociatus is a strict aerobe (Glaeser et al., 2013) .
On the basis of these results, we proposed that strain skLN1 T represents a novel species of a novel genus. We propose the name Effusibacillus lacus gen. nov., sp. nov. with the type strain skLN1 T , and reclassification of A. pohliae and A. consociatus as Effusibacillus pohliae comb. nov. and Effusibacillus consociatus comb. nov., respectively.
Description of Effusibacillus gen. nov.
Effusibacillus (Ef.fu.si.ba.cil9lus. L. adj. effusus disorderly; N.L. masc. n. bacillus small rod, N.L. masc. n. Effusibacillus disorderly rod, referring to the various lengths of cells).
Cells are rod-shaped and form spores. Facultatively anaerobic or strictly aerobic chemo-organotrophs. The major cellular fatty acid is a branched-chain fatty acid. The type species is Effusibacillus lacus.
Description of Effusibacillus lacus sp. nov.
Effusibacillus lacus (la9cus. L. gen. n. lacus of a lake).
Facultatively anaerobic thermophile. Cells are 1.0 to 1.5 mm wide and the length varies from 5 to 100 mm. Temperature range for growth is 28-60 u C; optimum growth temperature is 50-52 u C. pH optimum is 7.25-7.50. Oxidase-test positive, but catalase-test negative. Nitrate is reduced to nitrite. Acid production from glucose is observed. Utilizes galactose, cellobiose, fructose, mannose, xylose, trehalose, N-acetylglucosamine, fumarate, lactate, acetate, Casamino acids and yeast extract as carbon sources. Arabinose, sucrose, maltose, melibiose and sorbitol are not utilized. The major fatty acids are iso-C 14 : 0 , iso-C 15 : 0 and iso-C 16 : 0 .
The type strain, skLN1
T (5NBRC 109614 T 5DSM 27172 T ), was isolated from freshwater lake sediment. The DNA G+C content of the type strain is 50.8 mol%.
Description of Effusibacillus pohliae comb. nov.
The description is identical to that given for Alicyclobacillus pohliae by Imperio et al. (2008) . T within the order Bacillales. Alicyclobacillus pohliae and Alicyclobacillus consociatus are shown as Effusibacillus pohliae and Effusibacillus consociatus, respectively. The tree was generated by the neighbour-joining method. Bootstrap values greater than 50 % are shown. Bar, 0.01 substitutions per nucleotide position.
